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Purpose: Remimazolam is an ultrashort-acting benzodiazepine, which has been indicated to be effective in endoscopic surgery and
general anaesthesia. Research on its use in outpatient dental procedures remains limited. This triple-blinded randomized clinical trial
was designed to determine whether the quality of postoperative recovery is better with continuous intravenous remimazolam
administration compared with midazolam administration for impacted wisdom tooth extraction in patients with dental anxiety.
Patients and Methods: This study was a randomized, parallel triple-blinded, superiority trial conducted between 30 April 2022 and
24 June 2024. Participants aged >18 years who exhibited dental anxiety and who were eligible for impacted wisdom tooth extraction in
an outpatient setting were included in this study. Participants were randomly assigned at a 1:1 ratio to receive either a continuous
intravenous infusion of remimazolam or midazolam. The primary outcome was the time to recover full alertness. The secondary
outcome was postoperative anterograde amnesia.

Results: A total of 150 participants were randomized in this study, with 75 patients assigned to the remimazolam group and 75
patients assigned to the midazolam group. The time to complete alertness was significantly shorter in the remimazolam group than in
the midazolam group (3.0 £ 3.6 min vs 4.7 + 5.2 min, mean difference, —1.9 min; 95% CI, —3.3min to —0.4 min; P = 0.013). The odds
of immediate and delayed anterograde amnesia were much reduced with remimazolam administration compared with midazolam
administration (immediate: 0.14, 95% CI, 0.05 to 0.34, delayed: 0.07, 95% CI, 0.03 to 0.15, both P < 0.001).

Conclusion: For patients with dental anxiety, remimazolam offers not only faster recovery, but also a much better restoration of
memory function compared with midazolam.

Trial Registration: https://clinicaltrials.gov/study/NCT05350085.

Plain Language Summary:

This study compared the effects of two sedatives—remimazolam (an ultrashort-acting benzodiazepine) and midazolam—in 150 outpatients
with dental anxiety undergoing wisdom tooth extraction. In this randomized, triple-blinded trial, patients received either continuous
intravenous remimazolam (n = 75) or midazolam (n = 75). The results showed that remimazolam not only led to significantly faster
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recovery (3.0 = 3.6 min vs 4.7 £ 5.2 min to full alertness, p = 0.013) but also substantially reduced both immediate and delayed anterograde
amnesia (p < 0.001) compared to midazolam. In other words, postoperative memory function—whether immediate or delayed—was better
preserved with remimazolam. These findings suggest that remimazolam offers quicker recovery and fewer memory disturbances for
outpatients, making it a superior choice for outpatient sedation procedures.

Keywords: antegrade amnesia, benzodiazepine, outpatient surgery, procedure sedation, remimazolam, besylate

Introduction
Dental anxiety is a common emotional reaction that leads to the avoidance of dental treatment and has a major impact on both
oral and general health.! For these patients, tooth extraction often needs to be performed under intravenous sedation in an
outpatient setting.' Given the increasing demand for same-day dental procedures, achieving faster and more effective recovery
is crucial. In most cases, either propofol or an opioid is administered intravenously, and occasionally, a combination of both is
used. While these agents can quickly induce sedation and provide analgesic effects, they may also result in excessive sedation or
respiratory depression. Invasive dental procedures in the outpatient setting have unique requirements: patients must remain
responsive to verbal and tactile cues during the procedure, and they need to rapidly regain full alertness and the ability to
independently complete essential tasks, such as paying medical bills and memorizing and following the physician’s instructions.

For conscious sedation, benzodiazepines such as midazolam have distinct advantages.'” However, midazolam’s
longer induction and recovery times, along with its tendency to induce antegrade amnesia, present challenges.* In
contrast, remimazolam is an ultrashort-acting benzodiazepine with a short half-life, resulting in a rapid onset of action,
minimal respiratory and circulatory effects, and lower rates of adverse reactions, making it a promising option for clinical
application.>® While its efficacy in endoscopic surgery’* and general anaesthesia”'® has been established, research on its
use in invasive dental procedures in the outpatient clinical setting remains limited. Furthermore, evidence regarding
remimazolam’s impact on postoperative memory function remains scarce.

Therefore, we conducted a multicentre randomized controlled trial (RCT) to compare remimazolam and midazolam in
terms of the postoperative recovery time, anterograde amnesia, and safety in patients with dental anxiety undergoing
impacted wisdom tooth extraction in an outpatient setting.

Materials and Methods
Study Design and Setting

This multicentre, randomized, triple-blind, superiority trial with two parallel arms was conducted in three tertiary care
hospitals. This study complied with the Declaration of Helsinki, which was approved by the Ethics Review Committees
of the Peking Union Medical College Hospital (approval number: ZS-3142) and the other participating centres, including
the Beijing Anzhen Hospital (approval number: KS2022082) and Beijing Shijitan Hospital (approval number: 2023—4).
The study rationale and methodology have been published elsewhere.'' Written informed consent was obtained from
each participant. The trial is reported according to the Consolidated Standards of Reporting Trials guidelines.

Study Population

Potential participants were screened using the Modified Dental Anxiety Scale (MDAS) at the outpatient clinic.'* This
scale is a patient-reported questionnaire comprising five items that are designed to assess dental anxiety. The total score,
calculated as the sum of responses to all items, ranges from 5 to 25. A score of 5 indicates no anxiety, while a score of 25
reflects the most severe dental anxiety, with higher scores denoting greater severity of anxiety. The Chinese version of the
MDAS has been validated.

We enrolled individuals aged 18 years and older with MDAS scores > 15 who were scheduled for extraction of
impacted mandibular wisdom teeth. We excluded those who were pregnant, experienced respiratory infections, had
asthma attacks or persistent conditions, suffered from severe cardiopulmonary or hepatorenal insufficiency, had neuro-
muscular or mental disorders affecting communication or informed consent, had known allergies or contraindications to
benzodiazepines, or had participated in other drug trials within the past 6 months.
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Randomization

Participants were randomly assigned to treatment groups using a 1:1 allocation ratio. An independent biostatistician
generated the randomization sequence using SAS software (SAS Institute, Cary, NC), ensuring stratification by trial site.
The randomization employed variable block sizes ranging from 4 to 8 to maintain allocation concealment and balance
between groups.

The block sizes were randomly determined and varied throughout the trial, with each block containing an equal
number of assignments to each treatment group. Allocations were sealed in sequentially numbered opaque envelopes
controlled by investigators who were not involved in recruitment, data acquisition, or participant care. The participants
received either 25 mg of remimazolam or 15 mg of midazolam diluted in 50 mL of normal saline. Syringes that were
labelled “trial drugs” were then provided to the anaesthesiologists for mandibular impacted wisdom teeth extraction. All
of the participants, anaesthesiologists, dental surgeons and outcome assessors were blinded to the group assignments,
with unblinding being permitted only in emergencies.

Procedures and Intervention
Patient monitoring methods included electrocardiography, noninvasive blood pressure, and pulse oximetry, with mea-
surements taken every 5 minutes. The standard procedural sedation protocol was as follows:

(1) Induction phase: The first dose was administered via a mini-syringe pump at 100 mL/hour, with participants
observed until they reached Ramsay Sedation Grade III."?

(2) Maintenance phase: During this phase, the pump rate was maintained at 10-30 mL/hour and adjusted accordingly
until the participants reached Ramsay sedation grade III and had a Houpt score > 5.

(3) Cessation phase: The microinjection pump was stopped five minutes after the procedure if there was no active
bleeding.

Advanced local anaesthesia procedures (ALAPs; see Appendix Video 1) were performed after induction and before the

invasive procedure was conducted. First, the buccal mucosa was dried, topical lidocaine was applied at the injection site,
and saliva was controlled with a cotton ball for 2 minutes. Second, a pathway for the anaesthetic was established by
injecting 4% articaine with epinephrine into the submucosa via a single-tooth anaesthesia system. Finally, 2% lidocaine
was injected for inferior alveolar, lingual, and long buccal nerve blocks.

Failure to achieve Ramsay sedation grade III after more than 50 mL of medication administration was considered to
indicate sedation failure; if sedation failed, surgery was resumed under general anaesthesia.

After discontinuation, the patient’s condition was assessed using the Modified Observer’s Assessment of Alertness/
Sedation (MOAA/S) scale every minute until the MOAA/S score was 5 three consecutive times.'* A score of 5 indicates
full alertness, with a response to normal tone, while a score of 0 reflects no response to a painful stimulus. Intermediate
scores represent decreasing levels of responsiveness: 4 for lethargic response to normal tone, 3 for response to loud/
repeated calling, 2 for response to mild prodding, and 1 for response to a painful squeeze. Participants who did not
achieve a MOAA/S score of 5 within 20 minutes after discontinuation of the infusion received 0.3 mg flumazenil as an
antagonist. The participants were then transferred to the postanaesthesia care unit and discharged after achieving an
Aldrete score > 9.

Data Collection and Follow-up
Outcomes and Data Collection
The primary outcome was the time to regain complete alertness, defined as the time from the discontinuation of the
sedative injection to the time at which the MOAA/S score was 5 three consecutive times.

The secondary outcome was restoration of postoperative memory formation evaluated with anterograde amnesia. The
participants viewed three cards with different images during recovery and were asked to recall them immediately and
again five minutes later. Failure to recall all three images indicated anterograde amnesia. The observation time points for
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immediate anterograde amnesia were 0, 15, and 30 min after complete alertness, and the observation time points for
delayed anterograde amnesia were 5, 20, and 35 min after complete alertness.'”

The exploratory outcomes included dizziness and resleeping one hour after full alertness, and the postoperative
MDAS scores were collected 30 days after treatment via telephone follow-up. Adverse events, procedure duration, and
drug dosage were also recorded. All the data were documented in the case report form (CRF).

Statistical Analysis

Statistical analyses were performed using the intention-to-treat population, which comprised the participants who were
randomized. The patients’ baseline and intraoperative factors were described. The absolute standardized difference
(ASD) was used to evaluate for potential imbalanced baseline factors, and these imbalanced factors (ASD > 0.2;
Cohen’s d effect size) were further adjusted for in multivariable models.

The primary outcome values were compared between the treatment groups by using a linear regression model. For
secondary analysis, we treated the primary outcome as a time-to-event variable and analysed it by using a Cox
proportional hazards model. If there were missing data for the primary outcome, we applied the most conservative
approach to handle missing data by imputing the longest observed time to complete alertness (worst-case scenario) for
the remimazolam group and the shortest observed time to complete alertness (best-case scenario) for the midazolam
group. We also conducted a sensitivity analysis with a complete case dataset by excluding those who had missing
primary outcome data. We reported the results from both the univariable analysis and the multivariable analysis, in which
imbalanced preoperative factors and research centres were adjusted. We evaluated possible treatment effect heterogeneity
across the centres by testing treatment-by-centre interaction terms in all of the models.

For the secondary outcomes, we assessed overall anterograde amnesia at multiple post-alertness time points (defined
as any observed sign or symptom of amnesia) by using generalized estimating equation (GEE) logistic regression with
unstructured correlation and adjusting for the imbalanced preoperative factors and research centres. We first tested for
treatment effect heterogeneity across time points by evaluating the treatment-by-time interaction (significance threshold:
P < 0.05). When this interaction was not statistically significant, we collapsed the data across time points to assess the
overall treatment effect on the secondary outcomes (main effects GEE model). We also compared any occurrence of
anterograde amnesia during observation by using multivariable logistic regression and adjusting for the baseline
preoperative MDAS scores and research centres.

Exploratory outcomes were analyzed using descriptive statistics. We calculated percentages, means, and standard
deviations (SD) for relevant variables. No formal statistical tests were conducted for these exploratory outcomes, as the
focus was on providing an initial understanding of the data patterns.

The mean difference (MD), odds ratio (OR), and hazard ratio (HR) with 95% confidence interval (CI) were used as
effect size measures for continuous, binary, and time—to-event outcomes, respectively. A two-sided P value <0.05
indicated statistical significance.

Sample Size Considerations
Previous studies revealed that the standard deviation of the time to complete alertness was approximately 8.7 min (SD =
5.78 min in remimazolam, SD = 11.57 min in midazolam).” Assuming a two-sided o of 0.05 and accounting for a 10%
dropout rate, a total of 150 patients (75 per group) will provide 80% power to detect a clinically meaningful between-
group difference of 4 minutes.

Statistical analyses were performed by using R (version 4.4.1; R Foundation, Vienna, Austria; www.r-project.org).

Results

Study Participants

A total of 150 patients participated in the study between April 30, 2022, and June 24, 2024. Among these, 75 patients
were randomized to the remimazolam group, and 75 were randomized to the midazolam group (Figure 1). The sedation
success rates were 97.3% (73 patients) for remimazolam and 98.7% (74 patients) for midazolam. Two patients in the
remimazolam group and one patient in the midazolam group had sedation failure. These three patients were included in
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162 Participants assessed for eligibility

12 Excluded
10 Preoperative BP>160/100mmHg
2 Experiencing respiratory infections

150 Randomised

75 Randomised to Remimazolam group

2 No primary outcome due to failure of
sedation

75 Included in the ITT analysis

Figure | Study flowchart: remimazolam vs midazolam for tooth extraction.

75 Randomsied to Midazolam group

1 No primary outcome due to failure of
sedation

75 Included in the ITT analysis

the ITT analysis. However, due to sedation failure, they did not have measurements for the primary outcome. In the

primary analysis, the missing time to complete alertness for the two patients in the intervention group was imputed with

the worst observed value among all patients, 22 minutes. For one patient in the control group, the missing time to

complete alertness was imputed with the best observed value, 1 minute. This represents the most conservative assump-

tion for conducting the ITT analysis. Eighteen and fourteen patients were lost to follow-up at 30 days in the remimazolam

and midazolam groups, respectively. The baseline variables were similar between the two groups, except for the

preoperative MDAS scores and research centre allocation (Table 1). The preoperative MDAS scores were 20 and 18

Table | Baseline and Intraoperative Factors of the Patients (ITT Population, N = 150)

Factors® Remimazolam Midazolam ASD"
N=75 N=75
Baseline factors
Research centre 0.13
| 38 (50.7) 34 (45.3)
2 17 (22.7) 17 (22.7)
3 20 (26.7) 24 (32.0)
Age, y 31.3+88 31.8+79 0.07
Height, cm 1679 £ 7.5 167.1 £7.0 0.12
Weight, kg 62.5 + 125 619+ 117 0.05
BMI, kg/cm? 220 + 3.1 220 + 3.1 0.0l
(Continued)
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Table | (Continued).

Factors® Remimazolam Midazolam ASD"
N=75 N =75
Sex 0.15
Male 23 (30.7) 18 (24.0)
Female 52 (69.3) 57 (76.0)
ASA classification 0.06
| 56 (74.7) 54 (72.0)
2 19 (25.3) 21 (28.0)
Preoperative sleep medication use 0 (0) 0 (0) 0.00
Preoperative MDAS score 20.0 (17.0-21.5) 18.0 (16.0-21.0) 0.26
Procedure time, min 368 £ 15.0 377 £ 16.6 0.06

Intraoperative factors

Induction time, min 544 + |1.27 584 + .74 —
Induction dose, mg kg ' 0.07 £ 0.03¢ 0.05 + 0.02¢ -
Total dose of medicine, mg kg 0.24 + 0.10° 0.14 + 0.05¢ -
Successful sedation 73 (97.3) 74 (98.7) -
Houpt behaviour scale 6 (6-6) 6 (6-6) -
Coughing causes procedural interruption 4 (5.3) 2 (2.7) -
Use of flumazenil 0 (0) 4 (5.3) -

Notes: *Continuous factors are presented as mean + SD or median (IQR). Categorical factors are presented as
n (%). °Factors with an ASD = 0.20 were regarded as imbalanced between the groups and were adjusted for in the
primary analysis. The ASD for intraoperative factors was not calculated because it was highly influenced by the
intervention. “Two patients with missing data due to sedation failure. 9One patient with missing data due to sedation
failure.

Abbreviations: ASA, American society of anesthesiologists; ASD, absolute standardized difference; BMI, body
mass index; IQR, interquartile range; ITT, intention-to-treat; MDAS, modified dental anxiety scale; NA, not
applicable; SD, standard deviation.

in the remimazolam and midazolam groups, respectively; these patients were diagnosed with dental phobia (MDAS score
>15). None of the participants in either group used sleep medications or benzodiazepine.

The induction times of remimazolam and midazolam were 5.44+1.27 minutes and 5.8441.74 minutes, respectively,
with doses of 0.07+0.03 mg/kg and 0.05+0.02 mg/kg, respectively. The total surgery durations were similar between the
groups, while the total drug dosages were 0.24+0.10 mg/kg for remimazolam and 0.14+0.05 mg/kg for midazolam. The
incidence of transient coughing causing interruptions was 5.33% (4 patients) in the remimazolam group and 2.67% (2
patients) in the midazolam group.

Primary Outcome

The primary outcome (which was adjusted for the imbalanced preoperative MDAS scores and research centres) indicated
that the time to regain full alertness was significantly shorter in the remimazolam group (3.0 £ 3.6 min) than in the
midazolam group (4.7 £ 5.2 min) (mean difference, —1.9 min; 95% CI, —3.3 to —0.4 min; P = 0.013; Table 2 and
Figure 2). On average, patients in the remimazolam group regained full alertness 1.9 minutes faster than those in the
midazolam group. The time to alertness was significantly shorter with remimazolam versus midazolam (adjusted
HR=1.6; 95% CI: 1.1-2.2; P <0.001), which implied that at any given point in time, patients in the remimazolam
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Table 2 Comparison of the Time to Complete Alertness (ITT Population, N = 150)*

Primary Outcome Remimazolam Midazolam Univariable analysis Multivariable Analysis®
(N =75) (N =75)
Time to complete alertness (min) Effect size P value | Effect size P value
(95% CI) (95% CI)
Primary analysis: as a continuous variable | 3.0 + 3.6° 4.7 £ 5.2° -1.8 (-3.2—0.3)¢ | 0.016 -1.9 (-3.3—04)¢ | 0.013
Secondary analysis: as a time-to-event variable 2.0 (1.0-3.0° 3.0 (1.0-5.5)¢ 1.5 (11=2.1)f 0.012 1.6 (1.1-2.2)f 0.010

Notes: “Two and one patients with sedation failure were observed in the remimazolam and midazolam groups, respectively. These three patients were included in the ITT
analysis. However, due to sedation failure, they did not have measurements for the primary outcome, the time to regain complete alertness. In the primary analysis, the
missing time to regain complete alertness for the two patients in the intervention group was imputed with the worst observed value among all patients, 22 minutes. For one
patient in the control group, the missing time to regain complete alertness was imputed with the best observed value, | minute. This represents the most conservative
assumption for conducting the ITT analysis. "Adjusted for the imbalanced preoperative MDAS scores and research centres, as evaluated by the absolute standardized
difference in Table |. No statistically significant interaction effect between treatment effect and research centre was observed in any of the multivariable models. “Presented
as the mean % SD. “Mean difference. “Median (IQR). 'Hazard ratio.

Abbreviations: Cl, confidence interval; IQR, interquartile range; SD, standard deviation.

group were 1.6 times more likely to regain alertness compared to those in the midazolam group. The sensitivity analysis
with complete case data yielded consistent results. Tests for heterogeneity of the treatment effect across the centres were
nonsignificant in all of the adjusted models (all P values > 0.05). Notably, none of the patients in the remimazolam group
required flumazenil, whereas four patients in the midazolam group necessitated flumazenil due to delayed recovery of
consciousness. No adverse events were observed in either group.

Secondary Outcomes

Table 3 and Figure 3 present the immediate and delayed anterograde amnesia in both groups. Compared with the
midazolam group, the remimazolam group presented significantly lower odds of anterograde amnesia. For immediate
anterograde amnesia, the OR was 0.14 (95% CI, 0.05 to 0.34; P < 0.001). Similarly, for delayed anterograde amnesia, the
OR was 0.07 (95% CI, 0.03 to 0.15; P < 0.001). Additionally, for overall anterograde amnesia, the results indicated that

P=0.013
]
L ]
20
°
[ ]
(2]
(%2}
4?_5) .
> 151
©
o
0]
E
2101 .
)
>
Q
(&)
& .
5.
0 . .
Remimazolam Midazolam

Treatment Group

Figure 2 Comparison of the recovery times between the remimazolam and midazolam groups by using a linear regression model adjusted for the imbalanced preoperative
MDAS scores and research centres. The data showed that remimazolam treatment significantly reduced recovery time (adjusted p = 0.013).
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Table 3 Comparison of Secondary Outcomes (ITT Population, N = 150)

Anterograde Amnesia at Different Time Points | Remimazolam, | Midazolam, Odds Ratio P value®
After Regaining Complete Alertness n (%) (N=75) | n(%)(N=75) | (95% CI)*
Immediate anterograde amnesia
TreatmentXtime interaction GEE model 0.430°
Main effect GEE model 0.14 (0.05-0.34) | < 0.001
0 (min) 3 (4.0) 19 (25.3)
15 (min) 6 (8.0) 23 (30.7)
30 (min) 6 (8.0) 19 (25.3)
Any immediate anterograde amnesia 9 (12.0)° 29 (38.7)° 0.15 (0.05-0.40)° | < 0.001
Delayed anterograde amnesia
TreatmentXtime interaction GEE model 0.860°
Main effect GEE model 0.07 (0.03-0.15) | < 0.001
5 (min) 23 (30.7) 63 (84.0)
20 (min) 9 (12.0) 48 (64.0)
35 (min) 5(6.7) 33 (44.0)
Any delayed anterograde amnesia 23 (30.7)¢ 64 (85.3)° 0.06 (0.02-0.14)° | < 0.001

Notes: *Estimated from a generalized estimating equation (GEE) logistic regression model adjusted for imbalanced baseline MDAS scores and research
centres. The time to regain complete alertness was defined as the time from the discontinuation of sedative injection to the time at which the MOAA/S
score was 5 three consecutive times. Anterograde amnesia was defined as the patient’s inability to recall the three cards at the time of assessment. An
exchangeable correlation structure was used in the model. °P value for the interaction between treatment allocation and categorical time points in the
GEE model. “Overall anterograde amnesia (defined as any sign or symptom of amnesia during observation) was regressed against treatment allocation,
adjusting for baseline preoperative MDAS scores and research centres via logistic regression. This was the estimated odds ratio, 95% ClI, and P value
from the logistic regression model.

Abbreviations: Cl, confidence interval; ITT, intention-to-treat.

the remimazolam group had significantly lower odds of both immediate anterograde amnesia (12.0% [9/75] vs 38.7%
[29/75]; OR 0.15; 95% CI, 0.05 to 0.40; P < 0.001) and delayed anterograde amnesia (30.7% [23/75] vs 85.3% [64/75];
OR 0.06; 95% CI, 0.02 to 0.14; P < 0.001). These odds ratios highlighted the much reduced risk of amnesia associated

1.00 1.00

o
9
a
©
~
o

Incidence of anterograde amnesia of immediate

memory after complete alertness

o =]

o 1

(9] o

Incidence of anterograde amnesia of delayed

memory after complete alertness

o

(%))

o

©
o
a

30 min 20 min

Time since full alert recovery (minutes)

15 min 5 min

Time since full alert recovery (minutes)

0 min 35 min

Figure 3 Temporal trends in anterograde amnesia after regaining complete alertness in the remimazolam and midazolam groups. Error bars represent the 95% confidence
interval of the odds ratio.
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with remimazolam, indicating a quicker return to normal memory function after the procedure. Tests for heterogeneity of
the treatment effect across the time points were nonsignificant in all models (all P > 0.5).

Exploratory Outcomes
The incidences of postoperative dizziness and resleeping were lower in the remimazolam group than in the midazolam
group (1.3% [1/75] vs 10.7% [8/75]). Additionally, both groups demonstrated a significant reduction in dental anxiety, as
measured by the MDAS scores, at 30 days postoperatively. The MDAS scores decreased by 11.1 + 4.7 in the
remimazolam group and by 10.3 = 5.4 in the midazolam group.

No adverse events were observed in either group.

Discussion

Our study revealed that compared with midazolam, remimazolam significantly accelerated the recovery of full alertness
with less complication and markedly reduced the odds of immediate and delayed anterograde amnesia in patients with
dental anxiety. The superior preservation of memory function observed with remimazolam suggests its potential advantage
for outpatient sedation procedures. Besides, both drugs effectively provided sedation for patients with dental anxiety.

Invasive dental procedures in the outpatient setting present unique demands.'® Patients must remain responsive to
verbal and tactile cues during the procedure while achieving rapid recovery of full alertness and the ability to resume
normal work and daily activities. Additionally, minimizing postoperative complications, such as respiratory or circulatory
depression, is also crucial in outpatient care. The efficacy of remimazolam for procedural sedation has been previously
demonstrated in three randomized, double-blind, multicentre Phase III trials involving colonoscopy and bronchoscopy
patients.”®!” In our study, we further confirmed that compared with midazolam, remimazolam was associated with
a faster recovery, fewer complications, and reduced flumazenil requirements.'*'?

Notably, although postoperative memory restoration - assessed by anterograde amnesia - was a secondary outcome,
these findings demonstrate clinically meaningful effects with important practical implications. Anterograde amnesia
(defined as the inability to form new memories after its onset) is a well-known memory disturbance associated with
benzodiazepines.’*?' However, few studies have quantitatively assessed its extent in outpatient procedures, particularly in
dental settings where patients are expected to independently manage their postoperative care.”*?® In this study, we
systematically and quantitatively evaluated anterograde amnesia (both immediate and delayed types) and observed that
patients receiving remimazolam exhibited substantially lower incidence rates of amnesia compared to those receiving
midazolam, with a 66-95% reduction in immediate amnesia and an 85-97% reduction in delayed amnesia being detected.
These findings suggest a more favourable cognitive recovery profile for remimazolam, with important practical implica-
tions being demonstrated. The preservation of memory function facilitates better understanding and adherence to post-
operative instructions, thereby potentially reducing complications and enhancing recovery. Patients with intact recall are
also more capable of performing self-care tasks and resuming normal activities, which are particularly valuable character-
istics in outpatient care models that emphasise rapid turnover and patient autonomy. Consequently, the reduced odds of
anterograde amnesia that were associated with remimazolam contributed to a positive treatment experience,** diminishing
the fear of dental procedures. This finding was further supported by the observed postoperative reduction in dental anxiety.
Given the strong association between anxiety and dental visits, helping patients manage their anxiety will also help them

improve their oral health, and future research could explore the long-term effects of remimazolam on dental anxiety.*>*¢

Limitations of This Study

An important limitation of our study is that we focused exclusively on patients with dental anxiety who were undergoing
impacted wisdom tooth extraction. This narrow scope may limit the generalizability of our findings to other invasive
dental procedures. It also explains why nitrous oxide (N,O) was not included in our study. Although N,O is a common
alternative in dental practice, intravenous sedation is more frequently used for patients with significant dental anxiety
undergoing tooth extraction.” Furthermore, the distinctive effects of nitrous oxide make it difficult to conduct blinded
studies when comparing it with benzodiazepines. Additionally, the dosage and duration of the intervention were
determined on the basis of preclinical experiments and clinical practice, and we excluded individuals who were pregnant
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or had severe cardiopulmonary or hepatorenal insufficiency, as these conditions can affect the metabolism of remima-
zolam. This approach may not fully account for variations in patient response, highlighting the need for further
exploration to determine appropriate dosages for such patients during procedural sedation.

Conclusions

In this multicentre, randomized, triple-blinded superiority trial, our findings indicated that remimazolam significantly
outperformed midazolam in enhancing the quality of recovery and reducing anterograde amnesia in patients with dental
anxiety undergoing tooth extraction. These cognitive benefits, particularly the preservation of memory function, extend
beyond remimazolam’s established pharmacokinetic properties and offer a significant advantage. The findings suggest
that remimazolam is a superior choice for dental outpatient procedures, where rapid recovery, cognitive clarity, and
patient cooperation are crucial for effective treatment.
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